Velocity-mapped imaging and theoretical calculations have been used to study the angular distribution of the products of NO predissociation following its excitation to the 11s, 10p, 11p, and 9f Rydberg levels based on the NO + (X 2 + ) core. The Rydberg states were reached from the NO (A 2 + , v = 0, N = 2, J = 1.5) level prepared with strong alignment by excitation with linear polarization from NO (X 2 , v = 0, N = 1, J = 0.5). Ion dip spectra of the Rydberg states were recorded along with velocity-mapped images at the major peaks. The results are compared to calculations based on a previous theoretical approach modified to include transitions to states of Hund's case (d) coupling. The reasonable agreement shows the predictive value of the theory. The theory has also been used to reassess and explain previous results and to understand variations in the rate of photodissociation with components of the 10p and 11p Rydberg states. © 2014 AIP Publishing LLC.
INTRODUCTION
The use of multiphoton excitation techniques has made it possible to examine in detail the Rydberg states of a great number of molecules, leading in many cases to a better understanding of their structure, spectroscopy, and behavior. The nitric oxide molecule in particular has been an interesting test case. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Of special note is the early work by Miescher, Jungen, Fredin, Gauyacq, and others. Jungen and Miescher first reported observation of the first two bands of the nf Rydberg series of NO and analyzed their rotational structure. 1 Miescher and Huber subsequently published a review article on the electron spectroscopy of the NO molecule focusing on the Rydberg structure. 2 The s and d Rydberg series of NO were later analyzed by Fredin et al., 3 and these bands were important to the development of multichannel quantum defect analysis. Raoult et al. 4 continued the investigation of nf and np Rydberg states by studying their linear Zeeman effect, again using a multichannel quantum defect approach for the analysis. Following these pioneering studies, Anezaki et al. 6 investigated the spectroscopy of the ns, np, and nf Rydberg states built on the NO + (X 2 + ) core using fluorescence dip spectroscopy in a supersonic free jet. This work was followed by further spectroscopic study 7 as well as investigations into the dissociation dynamics. 8, 9 Geng et al. 10, 11 and Kobayashi et al. 13 provided further spectroscopic detail using two-color four-wave mixing spectroscopy. It appears that the only report of the angular and velocity distribution of the N + O products followed the investigation by Bakker et al., 12 who used velocity mapped imaging to monitor the O( 3 P) and N( 2 D) products produced in the multiphoton dissociation of NO using light at 226 and 355 nm.
The angular distribution of photoproducts as a function of excitation frequency, rotational constant and level, and lifetime has been discussed by Kim et al. 14 The theory they present applies to any dissociating molecule whose states can be described as behaving as a mixture of Hund's case (a) and (b). While for NO the coupling in the ground state is close to Hund's case (a) and in the first excited state is close to Hund's case (b), the coupling in the Rydberg states for the np and nf levels is most closely described by a mixture of Hund's case (b) and (d). One purpose of the investigation reported here was to extend and test the theory to Hund's case (d) molecules. A second objective was to improve our understanding of the interaction between the Rydberg levels and the dissociative levels leading to products.
EXPERIMENT
The experiment is carried out in a stainless steel reaction chamber where the interaction region of the chamber is kept at ∼1 × 10 −7 Torr while the supersonic jet system is running. The molecular beam is generated when a gas mixture of 1:5 NO (Matheson, Chemically Pure) to He (Matheson, Ultra High Purity) with a backing pressure of 2 psi above atmosphere passes through a 0.5 mm diameter aperture, pulsed jet nozzle into a source chamber of pressure ∼2 × 10 −5 Torr. The pulsed molecular beam then travels through a 0.5 mm diameter skimmer located 1 cm downstream from the nozzle. Source and interaction chamber pressures are maintained using a Varian TV2K-G turbo pump, and an Oerlikon 1000C Turbovac turbo pump, respectively. Varian SD-700 mechanical pumps back both turbo pumps.
To achieve the desired excitation scheme, the first of the two pump lasers must be set to the transition energy for the A ( 2 + ) (v = 0, N = 2, J = 1.5) ← X ( 2 1/2 ) (v = 0, N = 1, J = 0.5) transition of NO, which is approximately at λ 1 = 226.1 nm. Laser pulses at this wavelength are generated when the third harmonic of a Spectra Physics DCR-3 neodymium:yttrium aluminum garnet (Nd:YAG) laser pumps a PDL-1 dye laser using Coumarin 450. The fundamental output of the dye laser is then doubled using an Inrad Autotracker. The doubled light at wavelength λ 1 then passes through two neutral density filters to reduce the energy per pulse to about 10 μJ. The second pump laser operates in the λ 2 = 335-355 nm range. The second harmonic of a Spectra Physics GCR-200 Nd:YAG laser pumps a Lambda Physik SCANmate dye laser, using LDS 698 (Exciton dyes), which is then doubled to provide output at wavelength λ 2 .
The locations of the various Rydberg transitions are determined using a type of dip spectroscopy with λ 1 and λ 2 . Two photons of λ 1 have sufficient energy to ionize NO to NO + . However, when λ 2 is scanned to the appropriate wavelength such that the energy corresponding to λ 1 and λ 2 is equal to the energy of a Rydberg state, some population of NO in the A state is excited to the Rydberg rather than being ionized, and the NO + signal is reduced. Once the λ 2 values for the various Rydberg states were determined, the N( 2 D 3/2 ) photofragment is probed by threephoton ionization near 268.9 nm via the 3p 2 S 1/2 state.
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The sibling fragment is primarily O( 3 P 2 ). Probe laser pulses are generated when the third harmonic of a Spectra Physics GCR-270 Nd:YAG laser pumps a Lambda Physik SCANmate OPPO using Coumarin 540. All frequency doubling is done using BBO (beta barium borate) crystals, with the desired doubled light λ 1 , λ 2 , and λ probe being separated from the fundamental dye and Nd:YAG frequencies using a set of four Pellin-Broca prisms.
All three lasers were polarized in the same direction, which is the vertical direction in the image to be described below. The polarization of the third harmonic of the DCR-3, the second harmonic of the GCR-200, and the third harmonic of the GCR-270 are all vertical, since the respective dye lasers require the input polarization to be vertical. The output polarization of the PDL-1, the Scanmate, and the Scanmate OPPO dye lasers are all horizontal. In the case of the output of PDL-1 and the Scanmate, which are identified as pump lasers 1 and 2 above, the polarization is changed from horizontal to vertical using a pair of rotating polarizers. The outputs from these polarizers then are propagated by right angle prisms and, in the case of laser 1, one dichroic mirror set at 45
• , maintaining vertical polarization. For the output of the Scanmate OPPO, called laser 3 or the probe laser above, we used two setups depending on whether horizontal or vertical polarization is needed. In the case of horizontal polarization, 3 right angle prisms propagate the horizontal output from the Scanmate OPPO into the interaction region of the chamber. When we require the probe to be vertically polarized, a set of two right angle prisms are placed at the output of the Scanmate OPPO, one prism located vertically with respect to the other. The propagation of horizontally polarized light through the two right angle prisms in this configuration changes the polarization to vertical, and then one additional right angle prism propagates the resulting light into the chamber. Finally, all output polarizations were verified using a "stack of plates" polarizer.
The polarization of the probe laser made essentially no difference to the measured angular distributions. We at first measured the angular distributions of the O( 3 P) product using 226 nm ionization. While there was too much interference from 266-nm excited NO to use this product reliably, we did observe that the O( 3 P 2 ) image was unchanged in switching the 226-nm polarization from vertical to horizontal. Similarly, we measured images for the N( 2 D 3/2 ) in both polarizations for the 2 R -1 transition of the 9f Rydberg level and for the R-branch transition of the 11s Rydberg level; the small differences in β 2 and β 4 between vertical and horizontal probe polarization were well within our experimental error.
The two pump lasers are focused into the interaction region using a 25-cm lens, while the probe laser is focused using a 12-cm lens. The two pump laser beams counter-propagate with the probe laser beam across the output of the molecular beam nozzle and are spatially aligned for maximum overlap in the molecular beam. The pump lasers excite the NO in the beam into one of the various Rydberg series, selected by choice of the wavelength λ 2 . Following a 10 ns delay, the probe laser ionizes the N( 2 D 3/2 ) photofragment. The energies are typically ∼10 μJ per pulse for the first pump laser, ∼2-3 mJ per pulse for the second pump laser, and ∼0.5 mJ per pulse for the probe laser.
Velocity and angular distributions were measured using the velocity-mapped, product imaging technique. 16, 17 The interaction region where the three lasers intersect the molecular beam is located between the first and second of a set of three circular, parallel, plate-like electrodes inside our interaction chamber. Voltages are applied to these first two plates causing the ions resulting from the experiment to be accelerated towards and through the center of the third plate, which is held at ground, and down a 30 cm field-free region towards a position-sensitive detection assembly. The ion "cloud" will expand while traversing this field-free region, allowing for better spatial separation of the products. The ratio of the charge on the first two plates is such that ions with similar velocities immediately after the photodissociation will arrive at a similar position on the detector.
The detector itself consists of a microchannel plate (MCP) assembly with a fast phosphor attached. A PMT (Hamamatsu 1P21) monitors the phosphor output to determine the time of flight of the ions resulting from the reaction with respect to the time at which the lasers fire. By monitoring the PMT signal at the arrival time of the N mass, we can determine the signal-to-background level for various laser combinations. The two-laser background level measured with λ 1 + λ 2 , λ 1 + λ probe , or λ 2 + λ probe is at least 10 times smaller than the three-laser signal, and often the signal-to-background ratio is much better. Once the time of flight of the N + ions is known, the MCP voltage is held constant at 1000 V until the ions of interest are due to arrive. Then, using a pulsed voltage generator (DEI, model GRK-3K-H), the voltage of the MCP is gated up to 1700-2000 V for 150 ns, ensuring that only the ions of the proper mass are detected during the imaging experiment. A CCD camera records the position of each of the ion hits on the MCP/phosphor, and that data are transmitted to a computer running Labview 5.0. The position of the ion events relative to the center of the image reveals the velocity of the ions resulting from the experiment, and their distribution relative to the axis of linear polarization provides the degree of anisotropy, which gives information about the dynamics of the reaction. Images were analyzed using the BASEX program.
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THEORY
Product angular distributions as a function of dissociation lifetime, excitation frequency, rotational level, and rotational constant have been discussed in detail previously, 14 but the method for their determination can be summarized in a few words. For a single transition with linear polarized light in a diatomic molecule from a state described by Hund's case (a) coupling to a similar state that subsequently dissociates in the axial recoil limit, the angular distribution is obtained from the square of a rotation matrix element. The simplicity of this relationship depends on the case (a) coupling, for which the rotation matrix element d J MJ, (θ ) gives the probability amplitude that, when the total rotation J makes a projection of onto the molecular axis and a projection of M J onto the axis of linear polarization, the molecular axis will make an angle θ with respect to the light polarization axis. This relationship can be seen from the figures on pages 92 and 298 of Ref. 21 .
The interesting variations occur when there are multiple pathways between the initial state and the state leading to dissociation along angle θ . A typical example is excitation via multiple rotational transitions, e.g., P-and R-branch transitions, or P-, Q-, and R-branch transitions. Then the probability amplitude for each pathway depends on a transition matrix element, given in Table I of Ref. 19 , and on the overlap between the excitation wavelength and the absorption profile for that path. In analogy with light passing through multiple slits, the probability amplitude for each path is summed, the sum is multiplied by the appropriate rotation matrix element, and the result is then multiplied by its complex conjugate to obtain the overall probability. When the lines for each rotational transition are narrow compared to the spacing between them, then for a narrow laser linewidth principally one transition dominates at any given wavelength, so that each transition has a separate angular distribution. For a parallel transition, Zare calculated these probabilities as early as 1982. 20 When the rotational transitions are broadened, for example by rapid dissociation, then the absorption of even a narrow band laser line typically involves simultaneous excitation on all branches; the pathways then interfere with one another. In the extreme case of such broadening, the angular distribution at any absorbed wavelength is nearly the same, typically yielding β 2 = 2 for a parallel electronic transition and β 2 = −1 for a perpendicular one, where the angular distribution is given by I(θ ) ∝ 1 + β 2 P 2 (cos θ ). It is important to remember, however, that this conclusion holds only when the broadening is large compared to the rotational spacing, or, equivalently stated, when the dissociation lifetime is shorter than a rotational period.
Most electronic states are not pure Hund's case (a). However, other coupling cases can always be expanded on the basis of Hund's case (a) wavefunctions. 21, 22 This expansion is useful because, as discussed above, the case (a) wavefunctions can easily be related to the angular distribution. For example, mixed case (a/b) coupling has been considered elsewhere, 21 and formulae expanding any mixed case (a/b) wavefunction into a sum of case (a) wavefunctions are available. The expansion coefficients depend on the on the ratio, A so /B, of the spin-orbit coupling constant to the rotational constant. For dissociation through Rydberg states, it would be useful to expand mixed case (a/b)/(d) wavefunctions into case (a) coupling. Such an expansion can be accomplished as follows, using the method outlined by Anezaki et al. 6 We expand the case (d) wavefunction as
where 
where the coefficients α are the coefficients referred to above and found in Ref. 21 . Combining these two equations and rearranging the order of summation, we have
or
where
The coefficients d(. . . ) are determined by diagonalization of the secular matrix. For the case of NO, this matrix is given for L ryd = 1 or 3 by Anezaki et al. 6 Diagonalization provides eigenvalues giving the energies for each N ryd or state, as well as eigenvectors which are the elements d(. . . ) providing for each eigenstate the fractional composition to the wavefunction of the basis states. In the case of L ryd = 1, a closed form solution is straightforward. The basis states in order of decreasing energy are the + , -, and + states corresponding to = −1, 0, 1, and the corresponding eigenvectors are
, where
and
In these equations B ryd is the rotational constant for the ion core, c = −2 B ryd (N ryd (N ryd + 1)) 1/2 , and C describes the energy separation between the zero-order, case (b), states
In the case of L ryd = 3, it is more convenient to obtain the eigenvectors by numerical methods. The degree of case (d) coupling is determined by the ratio of C to B ryd , with pure case (d) corresponding to C/B ryd = 0. Values for C and B ryd are tabulated by Anezaki et al. 6 for several np and nf Rydberg states of NO, though mostly in v = 1. For L ryd = 0, we have = 0, so that there is no decoupling of from the internuclear axis. Thus, ns Rydberg states can simply be treated in case (b) coupling.
The computer code described previously 14 was modified to handle case (d) coupling as described above and then used to predict the value of β 2 and β 4 as a function of wavelength, rotational constant and level, and lifetime broadening.
While this approach is sufficient for determining the spectra and angular distributions in straightforward cases, it is worth noting that Rydberg spectra can be quite complex. For example, interactions can couple states with different values of l (l-mixing), such as in the NO s and d Rydberg states for low values of n * , 3 and the overall behavior can best be described by multichannel defect theory.
RESULTS
Two types of experiment were performed. Ion dip spectra obtained by scanning λ 2 while monitoring the decrease in the NO + signal induced by λ probe were recorded and compared to previous results. 6, 11 For the most part, the spectra were similar except for small shifts of the whole spectrum due to a shift in wavelength calibration. In many cases, the spectra were weak, and two spectra were recorded, one using focused light for λ 2 and one using unfocused light. More and sharper features were detected in the focused case.
The second type of experiment was to fix wavelength λ 2 and use the velocity mapped imaging to detect the angular and speed distribution of the N + product. The angular distributions were analyzed using BASEX 18 and fit to the function I(θ ) = 1 + β 2 P 2 (cos θ ) + β 4 P 4 (cos θ ).
Calculations were performed under two different assumptions. In principle, excitation at wavelength λ 1 with a linearly polarized laser aligns the sample prior to its interaction with the pulse at λ 2 . Thus, one assumption was that this alignment is present. A second assumption is that the alignment is completely degraded due, for example, to hyperfine depolarization. In this case, the wavelength λ 2 interacts with an isotropic sample in the selected state, NO(A 2 + , v = 0, N = 2). Issues of alignment by the polarization of λ 1 will be discussed below. Figure 1 shows a representative image of the N + ion positions on the CCD screen. The distribution is not isotropic, and there is a strong ring indicating that that there is one predominant speed. This particular image is for the 0 Q 0 transition to the 2 − component of the 9f Rydberg level at an energy of the second laser pulse of 29168.8 cm −1 . Figure 2 shows the analysis of the data of Fig. 1 using the BASEX computer code. Given the dissociation energy and the heat of formation of NO, and the dissociation energies for N 2 and O 2 , one can calculate that the N velocity should be 1.05 km/s for N( 2 D 3/2 ) detected in coincidence with O( 3 P 2 ) at the wavelengths used. The speed distribution in the top panel shows a prominent peak at 43 pixels, in rough agreement with this calculation using previous values for pixel-tovelocity calibration. While this value can be used as a calibration of the speed per pixel ratio, the angular distribution is unaffected by the choice as long as it is taken at the peak of the speed distribution. The angular distribution in the bottom panel shows that a function of the form 1 + β 2 P 2 (cos θ ) The calculated and measured spectra are shown but should be taken with some caution. First, the experimental spectra in the case of the 9f and, to a lesser degree, the 11p states are saturated spectra and differ from those published previously. 6, 11 The additional lines in the 9f spectrum could be caused by l-mixing or by other Rydberg-Rydberg interactions, or they could arise from inadvertent excitation of other rotational levels of the NO A ( 2 + ) state. As mentioned previously, the calculational method may be inadequate for the former case, whereas in the second case the calculation should still produce the correct answer for the 9f levels. Second, the calculations also have adjustable parameters, such as the value of v that determines the broadening, discussed below.
14 Thus, the widths of the lines are fitted, while the intensities, angular distributions, and the positions are calculated. The calculated line positions are accurate and used for the 11s, 10p, and 11p transitions. Those for the 9f transition were not sufficiently accurate to match the experiment, and calculated values were adjusted by up to 0.5 cm −1 to match the experimental spectrum.
DISCUSSION
The excitation of NO with wavelength λ 1 on the S R 21 (0.5) line takes the molecule from the X 2 1/2 F1, v = 0, N = 1, J = 0.5 level to the A 2 + F2, v = 0, N = 2, J = 1.5 level. In linear polarization, the M J level will not change in the excitation, and since the initial state has only M J = ±1/2, the final state must also have only these two levels; that is, levels M J = ±3/2 are missing and the state is said to have an aligned vector for the rotational angular momentum, N. In time, however, N will become coupled with the spin angular momentum, S, and the nuclear spin angular momentum, I, resulting in loss of alignment. Reid has investigated the coupling time for such loss in the NO case. 23 For the state under consideration, the use of her formulae provides a depolarization time of about 20 ns. Because the λ 2 laser pulse is timed to coincide with the λ 1 pulse to within 0-5 ns, it would seem that the alignment should be preserved for our experiment. Indeed, the presence of non-zero values for β 4 indicates that some alignment must take place. On the other hand, Bakker et al. 12 reported no evidence for alignment under similar conditions, although the Q 11 + P 21 line(s) they used for excitation included more than one transition for each initial J level (more discussion of this issue will follow below). It appears quite likely that there is substantial retention of alignment in our experiment, but we have performed the calculation of the angular distribution parameters for both assumptions (aligned and isotropic NO in the initial state selected by λ 1 . There are of course differences in the results for the two assumptions, but for the wavelengths we measured the values of β 2 and β 4 on the peaks are not substantially different.
While the agreement between the calculated values of β 2 and β 4 and the measured ones in Figs. 3-6 is not perfect, it is fairly good. In the case of the 11s Rydberg state, there are only two observed lines, the R-branch transition at about 29392.3 cm −1 and the P-branch transition at about 29374.6 cm −1 . The measured values for β 2 and β 4 are both small but positive, in agreement with the prediction for the P-branch transition, but somewhat below the prediction for the R-branch. For the 10p and 11p Rydberg states, the results are in fairly good agreement with the predictions for all three transitions. For the 9f Rydberg state, the agreement is similarly good, except that the results for the −2 R 3 line at 29156.2 cm −1 are both a bit low compared to theory. Bakker et al. 12 have reported the velocity and angular distributions of N( 2 D 3/2 ) following two-photon dissociation of NO using techniques similar to those used in the current study. In their case, the laser fundamental was tripled to provide the A 2 + ← X 2 excitation of NO and was also doubled to provide the excitation from the A 2 + state to the 11p Rydberg state at 29465 cm −1 . This wavelength is not resonant with any transition from N = 2 of the NO A 2 + state to the Rydberg state, and the authors suggested that the transition originated from the N = 3 level of the NO A state, also populated by the A 2 + ← X 2 excitation that they used. (They excited NO on the Q 11 +P 21 bandhead, whereas the current work excited it on the S R 21 (0.5) line, the line also used previously by Geng et al. 11 ) With this assumption, excitation in the Bakker et al. 12 experiment could occur on a weak transition to the N = 3, 12 leads to a somewhat different explanation for their observation. We agree that the most likely transition is from N = 3 level of the NO A 2 + state; other levels do not have the correct total energy to contribute. Under this assumption, the total energy of their experiment is the energy of the photons plus the energy of NO X . 19 Excitation on the Q 11 transition produces NO (A 2 + , v = 0, J = 3.5, N = 3, F1) with an M J distribution that varies as M J 2 . Based on our own results and the calculations of Reid, 23 it seems likely that these alignments would persist on the time scale of the experiment. However, we note that they are opposite in sign. The two transitions are coherently excited, since they originate from the same state in NO X 2 1/2 . A proper calculation would take into account the interference between these two paths, but the likely result would be that, on average, there would be little overall alignment. Bakker et al. 12 reported that there was no evidence for alignment, as judged by the lack of need for a non-zero β 4 parameter in their angular fits.
With either of the NO A 2 + excitations they used, the next photon would excite the molecule to the 11p Rydberg 12 along with calculated results for their experiment, assuming A ← X excitation on the P 21 transition and a non-aligned sample. A similar result is found for A ← X excitation on the Q 11 transition.
state at an energy between that of the (very weak) −2 P 1 transition to the N = 2, = 1, 2 + level and that of the strong 0 Q 0 transition to the N = 3, = 0, 2 − level. For reasonable parameters, a calculated spectrum for this energy range and transition is shown in Fig. 7 , made under the assumption that the level in the NO A 2 + state is not aligned and that the excitation to that state from the ground state was on the P 21 transition. The 0 Q 0 transition from the resulting NO A 2 + state to the 2 − , 11p Rydberg state is a shoulder at a total energy of 73703 cm −1 . The −2 P 1 transition is too weak to be seen at 73687.2 cm −1 , in agreement with the fact that it is unobserved in the work of Geng et al. 11 Our calculations show that both the −2 P 1 and 2 R -1 transitions that Geng et al. 11 thought should be allowed but did not observe are at least ten times weaker than the main peaks for comparable linewidths. Figure 7 provides the calculated anisotropy parameters along with symbols representing the measurement by Bakker et al. 12 As can be seen from the diagram, the calculated values for β 2 and β 4 are not far from their measurements. The principal absorption, however, is on the wings of the 0 Q 0 transition rather than on the −2 P 1 transition; the former is calculated to have a value of β 2 = −0.69 in isolation and on resonance, while the latter has one of β 2 = 0.10. A very similar calculated plot is obtained under the assumption that the level in the NO A 2 + state is not aligned and that the transition to that state is Q 11 rather than P 21 . We note that for our own experimental conditions shown in Fig. 5 the calculated value of β 2 at the 2 − state (29480 cm −1 ) would be near β 2 = −0.5 if we had started with NO that was not aligned. It appears that the positive values we find for this state in the 11p and 10p Rydbergs are due to the fact that our NO A 2 + state molecules are aligned, whereas the alignment effects likely cancel in the multiple transition excitation scheme used Bakker et al. 12 The roles of photoionization and photodissociation in np Rydberg states of NO has been extensively studied by GuistiZuzor and Jungen. 5 Predissociation is predominantly caused by Rydberg-valence interactions between the excited states and either the NO B 2 or L 2 states. The mechanism of predissociation thus appears to be electrostatic in nature and due to the 1/r 12 operator. 24 It is interesting, then, to correlate the rate of predissociation, as evidenced by the linewidths of transitions, with the degree of character in the Rydberg state. The results are most noticeable in the 10p spectrum shown in Fig. 4 and 11p spectrum shown in Fig. 5 . In each case, the three main peaks in increasing order of energy are the 2 − , the 2 + , and the 2 + , and the widths entered in the calculation were {1.5, 4.6, and 0.15 cm −1 } for the 10p and {1.5, 2.0, and 0.15 cm −1 } for the 11p. Recall that the Rydberg states can be decomposed into case (a) basis functions, in this case and states. The 2 − Rydberg is pure case (a) − , whereas the 2 + and 2 + Rydbergs are each mixtures of and case (a) basis functions. Because the predissociation coupling is homogeneous, one might expect the linewidths to correlate with the square of the case (a) coefficient. The squares are, respectively, {1.00, 0.82, and 0.05} for the 10p and {1.00, 0.78, .07} for the 11p. The correlation between these squares and the linewidths extracted from the experimental spectra is not exact, but it does provide some understanding of why the 2 + component of the np Rydberg states is so sharp relative to the others. In the case of the 9f Rydberg states, there is not a noticeable difference in the broadening among the lines, and, in general, the case (a) component is more evenly spread among the transitions.
CONCLUSIONS
The theory of Kim et al.
14 modified as described above to include transitions to mixed case (a,b)/(d) coupling states appears to correctly predict the angular distribution of products from the photodissociation of NO through a variety of ns, np, and nf Rydberg levels, as measured by velocity-mapped imaging. The theory also accounts for the experimental results of Bakker et al. 12 under the assumption that alignment effects cancel in their excitation via multiple transitions. The degree of case (a) character in the 10p and 11p Rydberg states appears to correlate with the rate of predissociation, in agreement with previous results that suggest that a homogeneous dissociative transition to either the B 
